A mathematical model of CE reaction schemes under first or pseudo-first order conditions with different diffusion coefficients at a spherical electrode under non-steady-state conditions is described. The model is based on non-stationary diffusion equation containing a non-linear reaction term. This paper presents the complex numerical method (Homotopy perturbation method) to solve the system of non-linear differential equation that describes the homogeneous processes coupled to electrode reaction. In this paper the approximate analytical expressions of the non-steady-state concentrations and current at spherical electrodes for homogeneous reactions mechanisms are derived for all values of the reaction diffusion parameters. These approximate results are compared with the available analytical results and are found to be in good agreement.
Introduction
Microelectrodes are of great practical interest for quantitative in vivo measurements, e.g. of oxygen tension in living tissues [1] [2] [3] , because electrodes employed in vivo should be smaller than the unit size of the tissue of interest. Microelectrodes having the geometry of a hemisphere resting on an insulating plane are difficult to fabricate, but their behavior is easily predicted [4] . They also have advantages in electrochemical measurements of molten salts with high temperature [5] . Microelectrodes of many shapes have been described [6] . Microelectrodes of simple shapes are experimentally preferable because they are more easily fabricated and generally conformed to simpler voltammetric relationships. Those shapes with restricted size in all superficial dimensions are of special interest because many of these reach true steady-state under diffusion control in a semi infinite medium [7] . Nevertheless, there is interest in microelectrodes of more complicated shapes, only because the shapes of small experimental electrodes may not always be quite as simple as their fabricators intended. Moreover, and ironically, complex shapes may sometimes be more easily modeled than simpler ones [8] . However, many applications of microelectrodes of different shapes are impeded by lack of adequate theoretical description of their behavior.
As far back as 1984, Fleischmann et al. [9, 10] used microdisc electrodes to determine the rate constant of coupled homogeneous reactions (CE, EC', ECE, and DISPI mechanisms). Fleischmann et al. [9] obtained the steady-state analytical expression of the concentration of the species HA and H by assuming the concentration of the specie A is constant. Also measurement of the current at microelectrodes is one of the easiest and yet most powerful electrochemical methods for quantitative mechanistic investigations. The use of microelectrodes for kinetic studies has recently been reviewed [11] and the feasibility demonstrated of accessing nano second time scales through the use of fast scan cyclic voltammetry. However, these advantages are earned at the expense of enhanced theoretical difficulties in solving the reaction diffusion equations at these electrodes. Thus it is essential to have theoretical expressions for non steady state currents at such electrodes for all mechanisms.
The spherical EC' mechanism was firstly solved by Delmastro and Smith [12] In general, the characterization of subsequent homogeneous reactions involves the elucidations of the mechanism of reaction, as well as the determination of the rate constants. Earlier, the steady-state analytical expressions of the concentrations and current at microdisc electrodes in the case of first order EC' and CE reactions were calculated [9] . However, to the best of our knowledge, till date there was no rigorous approximate solutions for the kinetic of CE reaction schemes under first or pseudo-first order conditions with different diffusion coefficients at spherical electrodes under non-steadystate conditions for all possible values of reaction/diffusion parameters 
The Equations (16) n for the current for small and medium of parameters.
Comparison with Fleischmann Work [9]
an [9] ave de ved the analytical expressions of dimensionless steady-state concentrations u and v as follow
not arrived upon in the third specie A. The normalized current is given by Fleischmann assumed that the concentration profiles of w is constant. So the definite solution for concentration profiles of w is
The normalized current is given by
Previously, mathematical expressions pertaining to steady-state analytical expres trations an nt at mic ated by Fleischmann et al. [9] . In addition, we have also presions of the concen d curre rodisc electrodes were calcul
Discussions
Equations (16)- (18) are the new and simple approximate so isomers calculated using Homotopy perturbation method for th boundary conditions Equations (12)- (14). approxim lution of the concentrations of the e initial and The closed ate solution of current is represented by the Equation (19). The dimensionless concentration profiles of u versus dimensionless distance  are expressed in 1(a)-(d) and 2(a)-(d) , it is evident that the concentration of species HA and H increases when the radius of the electrode ( S r ) decreases. Therefore, the use of the f the sm dius is clearly advangeous for the study of CE reaction mechanism. The concentration of specie A de eases w n the radius of the electrode decreases. when the values of 
Conclusions
The time dependent non-linear reaction/diffusion equations for spherical microelectrodes for CE mechanism has been formulated and solved using HPM. The primary result of this work is simple approximate calculation of concentration profiles and current for all values of fundamental parameters. We have presented approximate solutions corresponding to the species HA, H and A i terms of the parameters of 
